The competent state of transformable bacteria is that condition in which the cells are capable of taking up high-molecular-weight deoxyribonucleic acid (DNA) from the medium. Induction of the competent state in Haemophilus influenzae by a nutritional shift (1) results in a fully competent population in which virtually every cell is able to transport DNA (6) .
The cell envelopes of competent H. influenzae exhibit a number of properties which distinguish them from envelopes of noncompetent, logphase cells. These include new envelope polypeptides, elevated content of apparently new lipopolysaccharide, and increases in the total and specific activities of membrane-bound succinate and 1-lactate dehydrogenase (D-LDH) (7) . The levels of these enzymes in H. parainfluenzae are depressed by growth in the presence of glucose, and presumably are subject to catabolite repression (4) .
Relief of catabolite repression as a controlling event in competence development in H. influenzae was suggested by Miller and Huang (2) . This was substantiated by Wise et al. who showed that the addition of cyclic adenosine 3',5'-monophosphate (cAMP) to growing cultures produced a dramatic increase in transformability (5) . The levels of competence elicited by stimulation with cAMP were between 1 and 5% of those obtained by conventional methods. This diminished transformability was a consequence of the low capacity of these cells to take up DNA irreversibly; this parameter was also between 1 and 5% of that characteristic of cells made competent by conventional techniques.
Failure to achieve full competence by addi- tion of cAMP might be due to the failure of added cAMP to relieve catabolite repression to the same extent as does competence induction; alternatively, it may be that relief of catabolite repression is a necessary but not a sufficient condition for the expression of competence in this organism. This report summarizes experiments which support the second alternative;
competence development in H. influenzae appears to be under multiple controls.
To reach this conclusion, we determined the extent to which the specific activity of D-LDH was increased when cells were stimulated by cAMP. H. influenzae was grown in heart infusion with hemin and nicotinamide adenine dinucleotide to a density of 109 cells/ml (logphase cells). Competent cells were prepared by incubation in medium M IV (reference 1). Stimulation of cells with cAMP was done by diluting log-phase cells with an equal volume of 2 mM cAMP in sterile heart infusion and incubating the culture at 37 C with shaking. Comparison of these cell types with respect to transformability and D-LDH levels is shown in Table 1 . It is clear that, although the transformability obtained with cAMP is less than 5% of the level reached in medium M IV, the increase in D-LDH is very nearly identical in both rate and extent under the two sets of conditions. Erythromycin (5 gg/ml) blocks both the appearance of transformable cells and the increase in D-LDH elicited by cAMP, indicating that both are dependent on protein synthesis.
Ten transformant clones were isolated after stimulation with cAMP and exposure to DNA bearing genes for streptomycin resistance. These clones were grown, again stimulated with cAMP, and exposed to DNA carrying the marker for erythromycin resistance. The frequencies of transformants obtained with those NOTES clones were identical to that observed with unselected cultures, demonstrating that development of competence on stimulation with cAMP is not confined to a stable subpopulation of cells in the log-phase cultures.
We examined the polypeptides of the crude envelope fractions from the three cell types to determine if any of the new competence-related polypeptides were present in the envelopes of cells stimulated by cAMP. As is shown in Fig. 1 , the major competence related polypeptides of 64,000 and 79,000 molecular weights do not appear in the envelopes of cAMP-stimulated cells; there is an increase in the amount and apparent heterogeneity of the major outer membrane polypeptides of 40,000 to 43,000 molecular weight. These findings indicate that these latter constituents of the cell envelope may be 80~. controlled by catabolite repression. However, the appearance of the competence-related polypeptides must be regulated by a second signal. Assays of crude envelope fractions for carbohydrate content showed that the increase in the competence-related lipopolysaccharide is not the result of relieving catabolite repression by addition of cAMP.
These results show that addition of cAMP to a growing culture of H. influenzae is as efficacious in relieving catabolite repression as is the standard competence-eliciting medium M IV; failure to achieve high levels of competence in response to cAMP is then due to the absence of a second regulatory event that is responsible for the appearance of the competence-related envelope polypeptides and of new lipopolysaccharide.
